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T-cell infiltrates are robust prognostic biomarkers in the majority of human cancers. However, the mechanisms that 
shape a protective T-cell response remain unclear. Our recent study implicates tertiary lymphoid structures in the shap- 
ing of an efficient and beneficial immune response in lung cancer patients. 



The tumor microenvironment consti- 
tutes a complex network of interactions 
between malignant cells, stromal cells 
and tumor-infiltrating immune cells. 
The patient-specific characteristics of this 
heterogeneous "tumor interactome" have 
a major impact on disease progression. 
During the course of the last decade, the 
prognostic value of immune infiltrates 
has been extensively documented. The 
current paradigm is that the presence of 
abundant tumor-infiltrating immune 
cells, especially cytotoxic T cells, confers a 
positive prognostic value in the majority of 
human cancers. 1 Despite this recognized 
fact, the mechanisms that promote a pro- 
tective T-cell response against the tumor, 
especially the sites at which the activation 
of tumor-specific effector cells occurs, 
remain poorly understood. 

A classical viewpoint is that antitu- 
mor immunity takes place in the draining 
lymph nodes. 2 In addition, lymphoid neo- 
genesis can occur in chronic inflamma- 
tory settings to generate ectopic, organized 
lymphoid aggregates, termed tertiary 
lymphoid structures (TLS). TLS were 
first described in autoimmune diseases, 



allograft rejections and infections. 3 TLS 
exhibit features of secondary lymphoid 
organs with an ongoing immune reac- 
tion, and exacerbate the local immune 
responses in these pro-inflammatory 
microenvironments. 3 More recently, the 
presence of TLS has also been reported 
in malignant diseases. 4 This poses the 
question of the potential contribution of 
TLS in the generation of local immune 
responses in this generally immunosup- 
pressive microenvironment. 

Our team has previously reported that 
lung tumor-associated TLS present a spe- 
cific chemo-attractant signature associated 
with T-cell infiltration. 5 High endothelial 
venules selectively co-localize with TLS 5,6 
suggesting that these lymphoid structures 
may provide a key hub for the immigra- 
tion of peripheral blood immune cells 
into the tumor. In a recent study pub- 
lished in Cancer Research, 7 we investigated 
the impact of TLS on the characteristics 
of the intra-tumoral immune contex- 
ture and the clinical outcome of patients 
afflicted with non-small-cell lung cancer 
(NSCLC) without any neo-adjuvant che- 
motherapy (from early- to advanced-stage 



of disease). We first demonstrated that a 
high density of DC-Lamp* mature den- 
dritic cells (mDCs), a population spe- 
cifically detected in TLS, correlates with 
a high frequency of tumor-infiltrating 
T cells composed primarily of naive and 
central-memory T cells homing in TLS, 
as well as activated and effector-memory 
CD8 + T cells. 7 Moreover, a specific molec- 
ular immune signature characterized by an 
overexpression and co-regulation of genes 
influencing T-cell activation, T helper 
type-1 polarization, and cytotoxic orienta- 
tion was observed in tumors having a high 
mDC infiltration compared with tumors 
with low mDC infiltration. 7 These results 
demonstrate that TLS orchestrate a spe- 
cific and coordinated immune contexture 
in human NSCLC. 

Based on the close link between mDC 
and T-cell density in the tumor micro- 
environment, we asked the question of 
whether features of the TLS contrib- 
ute to the positive prognostic value of 
T-cell infiltrates. Using a retrospective 
cohort of 376 NSCLC samples (all stages 
without neo-adjuvant chemotherapy), 
we confirmed that high infiltration of 
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Figure 1. Cancer-associated tertiary lymphoid structures drive antitumor immune responses. In 
the lung tumor microenvironment, the presence of tertiary lymphoid structures (TLS) may foster 
the immigration of immune cells via high endothelial venules (HEVs), thereby promoting a pro- 
tective cellular immune response that ultimately positively affects the clinical outcome of cancer 
patients. 



either mDCs or CD8* T cells corre- 
lated with long-term survival of NSCLC 
patients. Patients were stratified accord- 
ing to the density of both mDCs and 
CD8* T cells in tumors (DC-Lamp H 7 
CD8 Hi , DC-Lamp H 7CD8 Lo , DC-LampW 
CD8 Hl , and DC-LampWCD8 Lo patients). 
DC-Lamp Lo /CD8 Lo patients had the worst 
prognosis compared with the other groups, 
suggesting that analysis for this profile 
may provide a good strategy to identify 
patients with the highest risk of death. 
In contrast, both DC-Lamp H 7CD8 Hi 
and DC-Lamp H 7CD8 Lo patients had the 
best clinical outcome, indicating that the 
outcome of NSCLC patients is strongly 
influenced primarily by the presence of 
tumor-infiltrating mDCs that home to 
the TLS. Furthermore, DC-LampW 
CD8 H| patients were at an intermediate 
risk of death, exhibiting the same median 
survival as CD8 Lo patients. 

This key observation indicates that, 
among CD8 Hl patients who are known 
to have a favorable clinical outcome, it 
is possible to identify a DC-LampW 
CD8 H| sub-group with a reduced likeli- 
hood of survival. These results suggest 
that the presence of intra-tumoral mDCs 
is needed to elicit the positive prognostic 
value of tumor-infiltrating CD8 + T cells. 
Thus, DC-Lamp/CD8 score and classical 



TNM staging represent two powerful and 
independent prognostic factors for overall 
survival. 

Our data demonstrate that TLS play a 
major role in the maintenance of a protec- 
tive cellular-mediated immune response 
in NSCLC patients. With this in mind, 
the presence of TLS seems to contradict 
the current view of the tumor microen- 
vironment as a severely immunosuppres- 
sive milieu. We hypothesize that TLS 
may potentiate the antitumor response by 
maintaining a chronic restimulation of 
infiltrating CD8 + T cells, thereby restrain- 
ing their sensitivity to local anergy. TLS 
could also play a protective role against 
tumors by promoting an humoral immune 
response, as recently shown. 8 " 10 It should 
be mentioned that the clinical outcome of 
patients is followed after surgical removal 
of the tumor. It supports the idea that TLS 
not only impact the local immune contex- 
ture of the tumor, but also may be impli- 
cated in the generation of an immunologic 
memory that mediates immunosurveil- 
lance against metastasis (Fig. 1). 

Many studies have highlighted the pos- 
itive impact of intra-tumoral T-cell infil- 
trates on the clinical outcome of cancer 
patients, supporting the idea that T-cell 
density could serve as a contributive bio- 
marker for the staging of cancers. 1 Our 



findings suggest that TLS represent a novel 
biomarker useful for the optimization of 
the immune score-based approaches to 
stage cancer patients. Combination of 
DC-Lamp and CD8 markers allows the 
identification of a new group of patients 
with a high risk of death (DC-Lamp Lo / 
CD8 H] patients). These patients may be 
in the greatest need and may benefit the 
most from anticancer therapy. Indeed, the 
cellular and molecular mechanisms that 
provide an optimal milieu for the neogen- 
esis of TLS in cancer patients, as well as 
the predictive value of TLS after chemo- 
therapy, radiotherapy and/or immuno- 
therapeutic treatments, will be important, 
clinically relevant questions to address in 
the near future. 
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